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A B S T R A C T

Internal condensation in a horizontal tube of falling film evaporation is of great importance in
the process of low-temperature multi-effect distillation (LT-MED). Thermal analysis of internal
condensation in a horizontal tube is investigated within the practical operating parameters in a
LT-MED desalination plant. The analysis takes into account of the effect of interfacial shear, axial
pressure gradient, saturation condensation temperature, heat transfer temperature difference, and
non-condensable gas (NCG) on heat transfer characteristics of internal condensation. It is done to
obtain the exact correlations that different methods to calculate axial pressure drop gradient and
heat transfer coefficient are compared. The results indicate that reducing condensation tempera-
ture and increasing temperature difference contribute to improving the condensation rate of unit
length for certain values of the tube length and inlet steam velocity, and that the tube length
depends on the heat transfer temperature difference. The analytical results also show that the
effect of interfacial shear stress on condensation rate is important while that was usually neglected
in previous research, and that very small mass fraction of NCG can significantly increase the tube
length as the presence of NCG reduces local temperature difference along the tube length. Besides,
an increase in tube length compensates the negative effect of interfacial shear stress and NCG on
internal condensation.
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1. Introduction

The desalination of sea water may effectively
pave the way to resolve the water shortage in Chinese
northern coastal regions. The processes of multi-stage
flash (MSF), low-temperature multi-effect distillation
(LT-MED) and reverse osmosis (RO) decide the pro-
spective development of desalination [1]. LT-MED
is a kind of MED desalination technology that uses

falling film evaporation over the outer surface of a
vertical column of horizontal steam-heated tubes.
Because of the phase transitions on both sides of
tubes, the heat transfer rate achieved in horizontal-
tube falling film evaporation is considerably high and
this gives it a distinctive advantage. The overall heat
transfer coefficient of falling film evaporation is
about double that of vertical-tube falling film eva-
poration, and three times that of flashing evapora-
tion. Thus the heat transfer area can be greatly
reduced [4–7]. Low running temperature is its�Corresponding author

Desalination and Water Treatment 24 (2010) 101–108
Decemberwww.deswater.com

1944-3994/1944-3986 # 2010 Desalination Publications. All rights reserved
doi: 10.5004/dwt.2010.1249


